Background: Acute cholecystitis is a common condition in gallbladder motility disorder. Interstitial Cajal-like cells (ICLCs) in the gallbladder are known as one of the players in the complex motility mechanisms affecting gallbladder motility. Aim: This study explored morphological symptoms and molecular mechanisms underlying gallbladder ICLC changes induced by acute cholecystitis. Materials and Methods: Fifteen adult guinea pigs were randomly divided into 3 groups: sham-operated group (healthy controls) and 2 experimental groups wherein these guinea pigs were subjected to common bile duct ligation to induce acute cholecystitis. Neutrophils were isolated from the peripheral blood of sham-operated animals and from the experimental animals at 24 and 48 h after surgery, and co-cultured with gallbladder ICLCs. The morphology of gallbladder ICLCs was examined by laser confocal immunofluorescence microscopy, TUNEL assay was used to detect apoptosis, and western blot and real-time PCR were performed to detect stem cell factor (SCF) and c-kit protein and mRNA expression, respectively. Results: No morphological differences in the gallbladder ICLCs were observed between single-culture and co-culture with healthy control neutrophil groups. However, the ICLCs in all co-culture groups with acute inflammation were impaired. In the co-culture groups, the rate of ICLC apoptosis was significantly higher than that in the singleculture group. SCF and c-kit protein and mRNA expression levels decreased in all co-culture groups as well. Conclusion: We demonstrated that the neutrophils are involved in gallbladder ICLC injury in acute cholecystitis cases and associated with gallbladder motility disorder.
Introduction
Gallbladder motility is regulated by various mechanisms, one of which is via the functioning of interstitial Cajal-like cells (ICLCs). Gallbladder ICLCs generate and spread spontaneous rhythmic contractions of the gallbladder, thereby promoting gastrointestinal electrical activity and mediating and regulating neurotransmitter activity in the gastrointestinal tract [1] [2] [3] [4] [5] . These cells have been associated with biliary disorders such as acute cholecystitis and cholelithiasis, which is a frequent reason for patients to visit to the emergency department [6] [7] [8] . However, the mechanism underlying the changes in gallbladder ICLCs in acute cholecystitis remains to be elucidated. Moreover, it is not known whether acute cholecystitis can lead to abnormalities in gallbladder ICLCs and the stem cell factor (SCF)/c-kit pathway.
This study aimed to explore the cellular and molecular mechanisms underlying the changes in gallbladder ICLCs in acute cholecystitis, using a guinea pig model in which acute cholecystitis was induced.
Materials and Methods

Animals
Fifteen 10-to 14-day-old guinea pigs (both males and females) and 15 guinea pigs (both male and female; weight 250-350 g) were obtained from Wuhan Institute of Biological Products Co., Ltd. The animals were housed under standard laboratory conditions (22°C ± 2°C with a 12-h light/dark cycle and a relative humidity of 40-60%), and were given access to diet and water ad libitum. All animal experiments were approved by the Institutional Animal Care and Use Committee of Wuhan University, and the study protocol was designed to minimize pain and discomfort to the animals.
The 250-350 g guinea pigs were randomly divided into 3 groups (5 animals per group). The shamoperated group comprised healthy control animals. The animals in the two study groups underwent common bile duct ligation (CBDL), in order to induce acute cholecystitis. Further, 1 ml of peripheral blood was collected by syringes from the animals in the 24-h and 48-h CBDL groups, for the isolation and quantification of neutrophils at 24 and 48 h post-surgery, respectively. Afterward, these animals were subjected to laparotomy and cholecystectomy as previously described [9] [10] [11] .
Hematoxylin-eosin staining was performed for all gallbladder specimens from each group to detect the degree of acute cholecystitis using light microscopy (Olympus BX53; Olympus, Tokyo, Japan).
Isolation of Neutrophils
Peripheral blood neutrophils from guinea pigs were separated using a peripheral blood lymphocyte separation medium (TBD, Tianjing, China), according to the manufacturer's instructions.
Gallbladder ICLC Culture
For gallbladder ICLC culture, 10-to 14-day-old guinea pigs were sacrificed by cervical dislocation and subjected to laparotomy and cholecystectomy. Gallbladders were removed with an intact mesenteric vascular bed to minimize stretch when transferred to a dissection dish containing D-Hank's solution. The gallbladder specimens were cut and whole-mounts of the muscular layer were prepared, whereas the mucosal and submucosal layers were removed under a surgical microscope. The tissue specimens were transferred to a dissection dish containing fetal bovine serum (FBS; Gibco, Australia), and cut into muscle strips (1-2 mm in diameter). These muscle strips were transferred into a cell culture flask (Sigma, St. Louis, USA) with M199 medium (Hyclone, Beijing, China) containing 20% FBS and incubated at 37°C for 4 days, under 95% O 2 and 5% CO 2 conditions before co-culturing [12, 13] .
Co-culture of Gallbladder ICLCs and Neutrophils
Neutrophils isolated from the 1 ml peripheral blood samples of 250-350g guinea pigs from the sham-operated group (co-culture 1 group), 24-h CBDL group (co-culture 2 group), and 48-h CBDL group (co-culture 3 group) were cultured with gallbladder ICLCs in a cell culture flask (Sigma, St. Louis, USA) containing RPMI-1640 medium (Hyclone, Beijing, China) supplemented with 10% FBS, at 37°C for 24 h, in 95% O 2 and 5% CO 2, followed by the removal of the neutrophils from the cell culture flasks.
Immunohistofluorescence and Identification of ICLCs
Cultured ICLCs stained on the slides and fixed in 4% polyformaldehyde solution and stored at 4°C for 30 min. They were subsequently washed thrice with phosphate-buffered saline (PBS) for 10 min. Afterward, the samples were immersed in PBS with 0.3% Triton X-100, followed by blocking with normal goat serum for 30 min at 20℃. Next, the samples were incubated with primary rat monoclonal anti-c-kit antibody (concentration was 1:50, eBioscience, San Diego, USA) overnight at 4°C and kept the slides in the dark. Then, the gallbladder cells were washed thrice, for 10 min each, with Tris-buffered saline and Tween-20 solution (TBST) and incubated with CY3-conjugated rabbit anti-rat secondary antibody(concentration was 1:100, Boster, Wuhan, China) in PBS for 1 h at room temperature. After removing the unbound secondary antibody by washing with TBST for 5 min, three times, images were captured using a laser confocal microscope (Olympus FV1000, Tokyo, Japan).
Detection of ICLC Apoptosis
TUNEL (In Situ Cell Death Detection Kit, Fluorescein, Roche Applied Science, Mannheim, Germany) assay was used to detect gallbladder ICLCs death in the single-culture group and three co-culture groups, following the manufacturer's instructions. Images were captured by a laser confocal microscope (Olympus FV1000; Tokyo, Japan).
Protein Extraction and Western Blot Analysis
Total proteins from all co-culture and ICLC groups were extracted using RIPA lysis buffer (Beyotime, Shanghai, China) and subsequently subjecting to cen trifugation at 12000g, at 4°C for 5 min. Afterward, supernatants were collected and protein concentration was estimated using the BCA protein assay kit (Beyotime, Shanghai, China). Thirty micrograms of total proteins were loaded on 10% SDS polyacrylamide gels. The separated proteins were transferred to a nitrocellulose membrane (Pierce Biotechnology, Rockford, USA), and the membranes were incubated with 5% skimmed milk at room temperature for 2 h, to block nonspecific binding sites. The samples were incubated with the primary antibody against c-kit (eBioscience, San Diego, USA) or SCF (Abcam, Cambridge, UK) overnight at 4°C. After washing three times with TBST for 10 min, the secondary antibody of the matching conjugated horseradish peroxidase was applied for 1 h at room temperature, followed three washes with TBST for 10 min. Specific protein bands were visualized using an X-ray film (Kodak, Xiamen, China) and the chemiluminescence detection kit (Amersham, Pittsburgh, USA). Optical density of the bands was analyzed using Band Scan 5.0 software (Alpha Innotech Corp., California, USA).
RNA Extraction
Total RNA was extracted from all co-cultured ICLCs and single cultured-ICLCs wtih TRIzol reagent (Invitrogen, Carlsbad, USA), following the manufacturer's instructions.
RT-PCR Analysis
cDNA was reverse-transcribed using 1.13 µg of total RNA and amplified by 40 cycles of denaturation (2 min at 50°C, 10 min at 95°C), annealing (30 s at 95°C) and synthesis (30 s at 60°C). GAPDH primers were as follows: 5′-ATCACTGCCACCCAGAAGACT-3′ (forward) and 5′-CAGATCCACAACCGACACATTA-3′ (reverse), generating 195 bp long amplicons. SCF primers were 5′-GAAAGATTCCAGAGTCAGTGTCA-3′ (forward) and 5′-AAGCAAAGCCAATCACAAGAG-3′ (reverse), and the amplicons generated were 179 bp long. The primers for c-kit were 5′-TATCCTCCTTACTCATGGTCGAA-3′ (forward) and 5′-CGGGCATTTCCTTTAACCACATA-3′ (reverse), and the amplicons generated were 99 bp long. Afterward, PCR products were separated by electrophoresis on a 1.5% agarose gel stained with ethidium bromide. GAPDH levels were used as an internal reference control, and mRNA levels were expressed as relative units (Table 1) .
Results
Evaluation of Animal Model
To ensure that animals survive, guinea pigs were kept in the quiet environment and given access to diet and water after surgery. No guinea pigs from the sham-operated group, and the 24-h and 48-h CBDL groups died during the experiments.
Histopathological analyses revealed that the gallbladder tissue obtained from the shamoperated animals was intact and without obvious inflammatory cell infiltration. However, gallbladder tissue isolated from the 24-h CBDL group showed edema, hyperemia, and considerable inflammatory cell infiltration. Gallbladder tissue from the 48-h CBDL group showed edema, hyperplasia of fibroblasts, hyperemia, hemorrhage, and considerable inflammatory cell infiltration (mainly neutrophils) in the muscularis mucosae (Fig. 1) , showing that acute cholecystitis was induced in CBLD guinea pigs.
Immunohistofluorescence Analysis and Identification of ICLCs
Immunohistofluorescence analysis revealed that gallbladder ICLCs mainly had an astrocyte-like or fusiform shape, and a diameter of about 7-10 µm. ICLCs that stained positive for c-kit had large, orbicular, or ovate nuclei, reduced cytoplasm, and scattered chromatin. Each ICLC was shown to have 2-5 synapses. These cells typically appeared as single cells or in small clusters of 2-3 cells, connected to each other, forming a network-like structure. Additionally, mast cells stained positively for c-kit, and were round. However, mast cells were only occasionally observed with very short processes (Fig. 2) .
No significant morphological differences were observed between gallbladder ICLCs cultured alone or in co-culture 1 group. In contrast to this, in both co-culture 2 group and coculture 3 group, gallbladder ICLCs synapses was shortened, with fewer connections between ICLCs, and the ICLC network structure was partly broken. Furthermore, fewer or no mast cells were observed. The morphological changes were more pronounced in co-culture 3 group than in co-culture 2 group (Fig. 3) . 
TUNEL Assay
The number of apoptotic ICLCs was significantly higher in the co-culture groups than when cultured alone, with the number being higher in co-culture 1 group than when ICLCs were cultured alone, and co-culture 3 group showing a higher number of apoptotic cells than co-culture 2 group (the number of apoptotic ICLCs in the single culture group, co-culture 1 group, co-culture 2 group, and co-culture 3 group were 1.0000 ± 0.00000 , 1.6667 ± 0.57735, 5.3333 ± 0.57735, 10.6667 ± 0.57735, F = 192.889, P = 0.000) (Fig. 4) .
SCF and c-kit Protein Expression in ICLCs
Western blot analysis revealed that the protein levels of both c-kit and SCF are considerably lower in the co-culture groups than in the single culture group, and the lowest levels of both were detected in co-culture 3 group. The obtained SCF and β-actin level ratios in the single culture group, co-culture 1 group, co-culture 2 group, and co-culture 3 group were 0.4553 ± 0.04717, 0.4323 ± 0.05613, 0.2790 ± 0.04107, and 0.1487 ± 0.01620, respectively (F = 33.670, P = 0.000), and c-kit and β-actin ratios were 0.5943 ± 0.07095, 0.5503 ± 0.03109, 0.3363 ± 0.04712, and 0.2327 ± 0.04974, respectively (F = 33.360, P = 0.000) (Fig. 5) , showing that SCF and c-kit protein expression was decreased in all co-culture groups.
SCF and c-kit mRNA Expression in ICLCs
RT-PCR analysis revealed that the SCF and c-kit mRNA levels decreased in all three co-culture groups, and they were shown to be the lowest in co-culture 3 group. Compared with the single-culture group, in co-culture 1 group, co-culture 2 group, and co-culture 3 group, SCF mRNA levels were 1.0000 ± 0.00000 vs. 0.9673 ± 0.02887 vs. 0.6630 ± 0.07119 vs. 0.4350 ± 0.14584, respectively, and c-kit mRNA levels were 1.0000 ± 0.0000 vs. 0.9570 ± 0.02961 vs. 0.7130 ± 0.05839 vs. 0.4287 ± 0.10130, respectively (F= 31.721 and F=57.066, respectively; all P = 0.000) (Fig. 6) . Fig. 3 . Immunohistofluorescence Analysis. Single-culture group ICLCs and co-culture groups ICLCs all stained on the slides and examined by laser confocal immunofluorescence microscopy. Gallbladder ICLCs (white arrows) did not reveal significant morphological differences between the single-culture group (A) and the co-culture 1 group (B). In contrast, in both the co-culture 2 group (C) and the co-culture 3 group (D), gallbladder ICLCs synapses was shortened, with fewer connections among ICLCs, and the ICLC network structure was partly broken. In addition, fewer to no mast cells were observed. The morphological changes were more pronounced in co-culture 3 group than in co-culture 2 group. Mast cells were indicated with red arrows.
Discussion
ICLCs were first described in the gastrointestinal tract by Santiago Ramón y Cajal in 1893 [14, 15] . In the last century, several studies have found that ICLCs exist in the gut of both human beings and animals, and they have been detected in the esophagus, stomach, small intestine, large bowel, ileum, and colon [16] [17] [18] . More recently, studies have found that ICLCs are distributed in the gallbladder and extrahepatic biliary duct of both guinea-pigs and humans [18] [19] [20] [21] . Gallbladder motility is regulated by various mechanisms, for instance, the activity of the gallbladder smooth muscle and the nervous circuit, which includes gallbladder ICLCs [15] . The morphology of ICLCs observed here was consistent with that observed in a previous report [6] .
ICLCs in the biliary system have been associated with various biliary systemic diseases, such as acu- te inflammation, regional obstruction, and subsequent proximal dilation and injury to the nervous and immune systems, and ICLCs damage and/or loss has been observed in almost every gastrointestinal motility disorder, with abnormalities in motor activity impairing regional transit and symptoms [22, 23] . Previous studies have also shown that ICLCs undergo apoptosis over time and that their regeneration is important for the maintenance of normal ICLC networks [24] . In this study, when co-cultured with the inflammatory cells, gallbladder ICLCs underwent morphological changes, and a lower number of mast cells were observed. The morphological changes were more pronounced within more acute inflammation processes. Additionally, consistent with the results obtained in a previous study, mast cells stained positively for c-kit, and were observed to be round in vivo and in vitro, with small processes [19] . The results of the TUNEL assay strongly indicate that neutrophils obtained from the guinea pigs with acute cholecystitis may increase the apoptosis of gallbladder ICLCs. The increased number of apoptotic ICLCs may lead to impaired regeneration and maintenance of the ICLC network. Increased gallbladder ICLC apoptosis and the disruption of ICLC network may have a substantial effect on ICLCs function, and may lead to gallbladder motility disorder.
Gallbladder ICLCs act as the initiators of pacemaker activity and modulating gallbladder motility, and mediate enteric motor neurotransmission [25] . Pervious studies have showed that capacitive-resistive electric transfer, TRPM7/ANO1 and LPA1/3 signaling pathways 2, 3, 4) than in the single culture group (lane 1). Both SCF and c-kit protein levels were the lowest in co-culture 3 group. The ratios of SCF and β-actin (C) in the single culture group, co-culture 1 group, co-culture 2 group, and co-culture 3 group were 0.4553 ± 0.04717, 0.4323 ± 0.05613, 0.2790 ± 0.04107, and 0.1487 ± 0.01620, respectively (F = 33.670, P = 0.000), and the ratios of c-kit and β-actin were 0.5943 ± 0.07095, 0.5503 ± 0.03109, 0.3363 ± 0.04712, and 0.2327 ± 0.04974, respectively (F = 33.360, P = 0.000).
